We have isolated a cDNA that encodes a novel member of the Y-box binding protein family, termed as RYB-a (Rat Y-box Binding protein-a). RYB-a is a 31 kDa protein that contains a conserved cold-shock domain and an amino acid alignment similar to those of charge zipper proteins. Expression of RYB-a mRNA was highly abundant in the skeletal muscle, spleen, and fetal liver. The expression is very low in new-born and adult livers, suggesting its expression is under developmental regulation. In addition, the expression of RYB-a mRNA was induced in the liver during regeneration and by stimulation of quiescent fibroblast cells with serum. Induction in the fibroblasts was inhibited by treating the cell with a specific tyrosine kinase inhibitor, genistein or by detachment of cell-adhesion. Since both treatments are known to inhibit G1 cells to enter S phase, RYB-a gene is thought to be a member of growth-inducible genes.
INTRODUCTION
DNA-binding proteins play central roles in cell growth. They are responsible for replicating the genome, for transcribing active genes, and for repairing damaged DNA. From the structural similarities, DNA-binding proteins can be divided into several classes, such as the helix-turn-helix proteins (1), the homeodomains (2,3), and the zinc finger proteins (4). Recently, Y-box binding factors have been shown to be a class of proteins that represent another DNA-binding family. The Y-box binding proteins including dbpA (5), dbpB (5), EF1A (6) YB-1 (7), chkYB-1 (8), NSEP-1 (9), FRGY1 (10), FRGY2 (10) and YB-3 (11) contain a highly conserved DNA-binding domain known as the cold-shock domain (12, 13) . In spite of their very high degree of sequence similarity in the basic DNA-binding domain, a diverse range of functions has been described; some of them function as a positive or negative CCAAT-binding transcription factor (10, 14, 15) , and others as a single-stranded DNA-binding protein (9, 16) , factor binding to depurinated DNA (17, 18) , and messenger ribonucleoprotein components (19) (20) (21) . Little is known about the regulatory manner of expression, interaction with other factors, and their biological roles in the cell of this class of DNA-binding proteins.
During the screening of cDNAs encoding regulatory factors that interact with an element (site B) locating in the rat aldolase B promoter (22,23), we isolated a cDNA that encodes a novel member of the Y-box binding protein family, and designated it as RYB-a (Rat Y-box Binding protein-a). We describe here the tissue-specific distribution and developmental stage-specific expression of RYB-a mRNA. We also describe that RYB-a gene is an example of genes that are under control of growth signals.
MATERIALS AND METHODS

Screening the expression library
A Xgtl 1 expression library was constructed from cDNA prepared by random priming of adult liver mRNA. An aliquot of the unamplified library (6x 10 6 ) was screened directly according to the method described by Singh et al (24) . Site B oligonucleotide, which was 5' end-labeled with [7- 32 P]ATP by using polynucleotide kinase, was multimerized with T4 DNA ligase and used as a probe. The library was plated at a density of about 40,000 plaque forming units (pfu) per 143 cm 2 dish. The plates were incubated at 42 °C for 4 h until plaques became visible, and were then overlaid with nitrocellulose filters impregnated with isopropyl thiogalactoside (IPTG) to induce cDNA expression. After 6 h at 37 °C, the filters were blocked by soaking in a buffer (25 mM NaCl, 2 mM MgCl 2 , 5 mM DTT, and 50 mM Tris-HCl, pH 7.9) containing 5% non-fat dry milk. The filters were incubated with the multimerized DNA probe (10 7 cpm/ml) for 6 h at 4°C in the binding buffer containing 1 mg/ml salmon sperm DNA. The filters were then washed 3 times for 15 min with the same buffer at 4°C and exposed to X-ray film. One clone (X139) which contained a 0.4 kb £coRI insert was obtained. Another clone, a 1.5 kb clone containing the entire protein-coding sequence of RYB-a cDNA (XI7), was isolated by screening of an oligo(dT)-primed Xgtl 1 library from adult rat liver.
To whom correspondence should be addressed of RNA were loaded onto the gel. AAer electrophoresis, RNA was transferred to a nylon membrane (Amersham). For Southern blot analysis, genomic DNA was prepared from rat liver according to the standard protocols (27). 10 pg of DNA was digested with restriction enzymes to completion, separated on a 0.9% agarose gel, and blotted onto a nylon membrane. The blots were hybridized overnight at 65OC with appropriate probes (1 X 106 cpmlml). After hybridization, the filters were washed in 2 X SSC containing 0.1 % SDS at room temperature for 5 min, followed by two 15 min washes at 65°C in 0.1 X SSC containing 0.1 % SDS. Hybridization solutions contained 0.75 M NaCl, 50 mM Tris-HCl @H 8.0), 2 rnM EDTA, 1 X Denhardt's reagent, and 50 mglml salmon sperm DNA. The filters were then autoradiographed for 7-72 h at -80°C with an intensifying screen.
CeU~andcellculhue
Mouse BALBIc 3T3 fibroblast cells (clone A31) were obtained from Japanese Cancer Research Resources Bank. New cultures were started every one month from frozen stock to prevent phenatypic changes of the cells. Cells were culhlred in DMEIF 12 medium supplemented with 200 unitslml penicillin G, 0.1 mg/ml streptomycin sulfate, and 10% fetal calf serum (FCS) and incubated at 37°C in a humidified atmosphere of 5% C@. Q u i e s c e n t c e l l s ( 1~1~c e l l s i n 6 0 m m d a~e d i s h o r 3~1~ cellsin90mmculturedish)werepreparedbyplacingcellsunder serum-starved conditions (0.3% FCS for 72 h) after growth in the normal (FCS supplemented) (both regions have eight basic amino acid residues out of 13 -15 amino acids), similar to the previously described nuclear translocation signals (14, 30) . A potential Ser residue at 33 for phosphorylation by MAP kinase (Pro-X-SerIThr-Pro) (3 1,32), four potential casein kinase I1 phosphorylation sites (Serm-X-X-AsplGlu) (residues 103,125,149 and 288) (33) and three putative N-linked glycosylation sites (Asn-X-Tyr/Ser/Thr) (residues 93, 101 and 147) (34) are also deuxted. It might be worth noting that the sequenoe, ATITA, found in many cycokim and mRNAs, was found in 2 places at positions 1,372 and 1,397 in the 3'-noncoding region of the cDNA. This sequence is thought to be involved in the mRNA destabilization (35) .
A U G~e t p e s i t i e R 5 l i n a a e k e s i t e o a 4 e a s t t s s~f G C C -
In F i g . 2, the amino acid sequence of RYB-a is aligned with four members of the Y-box binding protein family so as to give the highest homology. According to the sequence aligmmt, the RYB-a sequence can be divided into three domains, A, B and C. The domain B (residues 75 -182) is tbe most amserved region. This domaiu seems to be responsible for the DNAbinding, considering from the faa that the cote region of this domain (residues 95 -1 14) displays high homology to the coldshock domain (CSD) found in prokaryotk and eulraryotic DNAbinding pmteins (12, 13 
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. . does wt exhibit exaa amino acid homology. One unusual aspect obtained by the inspection of the charged amino acid residues is an alternating pattern of positively and negatively charged regions (Fig.2 ). This pattern, s d e d charge zipper domain (6,11,15), may be important for RYB-a activity through protein -protein multimerization.
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GeMHnic Southern blotting
To estimate copy numbers of the RYB-a gene, a high-stringency Southern blot hybridization was carried out. The result in Fig.  3 shows that the labeled probe hybridized with two DNA fragments from liver genomic DNA that was digested with restriction enzymes which have no cutting-site within the RYBa cDNA sequence. Using a different probe corresponding to the 3'-nollcOding region also gave the same two bands in each reaction (data not shown). Thus, it appears that RYB-a gene belongs to a dispersed gene family. Most probably the rat genome contains two RYB-a-related genes. In the mouse, four YB-1 related loci have been reported (7). It is possible that some of these loci are related to RYB-a gene.
Tiseue-spedfic and developmental stagespecific expreshs
of RYB9 mRNA Figure 4A shows the tissue-distribution of RYB-a mRNA. RYEa mRNA was not detected in the liver and kidney. Low levels of expression were detected in the brain and heart, and high levels of the mRNA were deteued in the skeletal muscle and spleen. h m s h g l y , there appears to be an inverse amelation with RYBa mRNA levels and those of aldolase B mRNA. For example, the lowest levels of RYB-a mRNA are observed in the liver and kidney coMwrently with t k highest levels of aldolase B mRNA.
Conversely, the highest RYB-a mRNA levels are seen in the skeletal muscle and spleen in which no aldolase B mRNA is dezected. Fig. 4B shows &velopmental stage-specific expression of the RYB-a gene in the liver. At days 14 and 16, fetal livers accumulated high levels of RYB-a mRNA, but thereafter, the levels of the mRNA decreased drastically; in the new born and adult livers, the ~~IlCentratiOtlS of RYB-a mRNA are significantly low as compared to those of day 14 and dayl6 fetal livers. Thus, mRNA levels of RYB-a and those of aldolase B showed complete inverse relationship in the liver during development.
RYB-a RYB-a
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Control Regeneration
Time ( Induction of RYB-a mRNA in regenerating liver As mentioned above, RYB-a mRNA was not detectable in the adult liver while the mRNA was highly expressed in the fetal liver. This suggested that the expression of RYB-a mRNA in the liver relates to cell proliferation. To see this possibility, we examined whether or not the expression of RYB-a gene is induced during liver regeneration. Total RNAs isolated at different time periods after partial hepatectomy (regeneration) or sham operation (control) were blotted and probed with RYB-a cDNA. As shown in Fig. 5 , the levels of RYB-a mRNA were elevated approximately 4-fold at 8 h and reached a maximal level 20-48 h in regeneration. However, the level of RYB-a mRNA in the control experiment did not change at all. This suggests that RYB-a mRNA is coordinately regulated with cell proliferation.
Growth-stimulated induction of RYB-a mRNA in flbroblast cells
The results obtained above prompted us to investigate in more detail whether the expression of RYB-a mRNA is correlated with cell proliferation. For this purpose, quiescent flbroblast BALB/c 3T3 cells were stimulated with serum and the levels of RYB-a mRNA were analyzed by Northern blotting. Entry into S phase was monitored by the expression of histone H2B gene (38). The mRNA level of ribosomal protein L35a was taken as an internal standard (39). Experimental time course is summarized in Fig.  6A . Quiescent cells expressed very low level of RYB-a mRNA, but the expression was detected 30 min after the stimulation (Fig.  6B, C) . The expression gradually increased during Gl phase, and high level of the expression continues throughout the S phase (Fig. 6B) . However, when the cells were blocked to proceed into S phase either by preventing cell adhesion (Fig. 6C ) (40) or by treating with a specific tyrosine kinase inhibitor, genistein (Fig.  6D) , the expression of RYB-a gene was almost completely suppressed. Genistein is known to inhibit the activities of tyrosine kinases such as the epidermal growth factor receptor and pp6O src , but scarcely inhibits the activity of serine and threonine kinases such as protein kinase A (41). These data thus suggest that a signal transduction cascade from tyrosine kinase is involved in the regulation of RYB-a gene expression.
DISCUSSION
In this paper, we described the analysis of a cDNA clone which encodes for a DNA-binding protein interacting with aldolase B promoter. The encoding protein termed as RYB-a (Rat Y-box Binding protein-a) contains the cold-shock domain (CSD) that has been found in many transcription factors including Y-box binding proteins (15). Since site B in the aldolase B promoter has close similarity with the Y-box (23), it is not surprising that Y-box related cDNA was obtained by the South-western method.
From the structural analysis of the cDNA, the primary translation product was shown to consist of 291 amino acids. Features of the putative RYB-a protein suggest potential mechanisms of the regulation. Domain A in amino-terminal region contains a Pro and Ala rich region that is thought to be RYB-a gene is actively expressed in the skeletal muscle and the spleen of an adult rat, while other Y-box binding proteins such as YB-3 are expressed ubiquitously (11), suggesting diverse roles of the Y-box protein gene family. The expression pattern of RYB-a gene shows completely inverse relationship between aldolase B-expressing and non-expressing cells or tissues; the RYB-a mRNA level in the non-aldolase B-expressing livers at days 14 and 16 of fetal development is very high compared with those in new born and adult. Namely, RYB-a mRNA is expressed in the cells in which aldolase B gene is repressed. Since RYB-a mRNA level is high in rapidly developing tissues such as fetal liver at early stages, it seems that the expression of RYB-a gene is related to cell proliferation. Although the expression profile in several tissues such as the skeletal muscle and spleen argues against, the following results support the possibility that RYB-a gene is a growth-related, or a growth-inducible gene. Firstly, the expression of RYB-a mRNA was induced during regeneration of the liver cells after partial hepatectomy. Secondly, in BALB/c 3T3 fibroblasts, quiescent cells did not express RYB-a mRNA. However, when quiescent cells were stimulated to enter into S phase by serum, RYB-a gene was rapidly induced. Thirdly, once the progression into S phase was inhibited by detaching the cell adhesion or by treating the cells with a specific tyrosine kinase inhibitor, genistein, RYB-a gene expression was decreased. These results suggest the possibility that the RYB-a expression could be induced in association with signals that stimulate cell proliferation. There have been several descriptions that indicate proliferative response of the Y-box binding factors. Grant et al. (8) has reported that chkYB-1 expression was induced in the roosters liver treated with estrogen and in regenerating livers in rat. Since both treatments cause DNA replication, it seems that chkYB-1 expression is positively associated with DNA synthesis or cell proliferation. In addition, it has been shown that YB-1 mRNA level in helper T cells is induced by the stimulation of interleukin 2 that is known to push Gl cells for entering into S phase (42). Although there are no clear data addressing the molecular mechanisms involved in these inductions, our results using inhibitors of cell attachment and protein tyrosine kinase suggest the involvement of signal transduction cascade from cell adhesion or/and protein phosphorylation through tyrosine kinase in the expression of RYB-a mRNA.
Despite the high sequence homology of a putative DNAbinding domain containing CDS in the Y-box binding proteins, diverse functions have been reported. For example, the broad range of binding specificities of chkYB-1 has suggested that it could function in maintaining a potentially active chromatin configuration during DNA replication (8). On the other hand, recently Kashanchi et al. (43) reported that YB-1 could recognize Y-box-related sequences in the promoter of the human T-cell lymphotropic virus type I (HTLV-I) and the human immunodeficiency virus (HTV) LTR and transactivate their basal transcriptions. In the case of RYB-a, it is worth noting that the amino-acid sequences in amino-terminal and carboxyl-terminal regions have been shown to be relatively different from other Y-box binding protein family. Especially, the existence of a Pro and Ala rich region that is known to constitute a transcriptional regulatory domain in the amino-terminal region of RYB-a suggests its potential function as a transcription factor.
Considering the expression profile of aldolase B gene, it might be that RYB-a could function as a negative regulatory factor in the expression of aldolase B gene. In the fetal livers at days 14 and 16 of gestation, factor A1F-B which acts positively on site B (22,23) has, although to a lesser extent, already accumulated. If RYB-a acts negatively on aldolase B gene transcription, it would be interesting to know how RYB-a interferes with the positive action of A1F-B. Of much interest might be the protein-protein interaction through the putative charge zipper domain. This domain might regulate RYB-a activity by promoting or repressing protein-protein multimerization.
In any case, the remarkable conservation of the putative DNAbinding domain of RYB-a suggests the potential importance of this gene in the gene regulation of eukaryotic cells, particularly those undergoing cell proliferation.
